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NOTICE

When U.S. Government drawings. specifications. or other data are used
tor any purpose other than a definitely related Government
procurement opcration, the Government  thereby  incurs no
responsibility nor any obligation whatsoever, and the fact that the
Government may have formulated, furnished. or in any way supplied
the said drawings, specifications, or other data is not to be regarded by
implication or otherwise, as in any manner licensing the holder or any
other person or corporation. or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way
be related thereto.

This interim report was submitted by Applied Science Associates, Ine.,
Box 158, Valencia. Pennsylvania 16059, under contract
F33615-78-C0019, project 2361, with Technical Training Division, Air
Force Human Resources Laboratory (AFSC), Lowry Air Force Base.
Colorado 80230. Dr. Edgar A. Smith (TTT) was the Contract Monitor
tor the Laboratory.

This report has been reviewed by the Information Oftice (O1) and is
releasable to the National Technical Information Seivice (NTIS). At
NTIS, it will be available to the general public, including toteign
nations.

This technical report has been reviewed and is approved for publication.
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PREFACE

This report was prepared by Applied Science Associates, Inc.
(ASA), Valencia, Pennsylvania, as an Interim Technical Report under Air
Force Contract No. F33615-78-C-0019. Mr. George R. Purifoy, Jr. 1s the
Principal Investigator and Project Director. The Air Force Human
Resources Laboraboty (AFHRL), Technical Training Division, Lowry Air
Force Base, Colorado, is the sponsor. Dr. Edgar A. Smith is the
Project Engineer.

This study is one of a series of related studies under the
Technical Training Division's Project 2361, Simulation for Maintenance
Training. Project 2361 is an advanced development program to develop,
demonstrate, test, and evaluate selected applications of computer-based
simulation for Air Force maintenance training. The objective of this
program is to build baseline knowledges about techniques, procedures,
and principles necessary for broad applications of simulation in
maintenance training. Simulator training devices are being fabricated
and demonstrated in an operational training environment in order to
establish cost, reliability, and training effectiveness information.
These data will contribute tc a determination of training value factors
for eventual Air Force use. Demonstration of the training/cost-effec-
tiveness of simulation techniques, coupled with analyses of effective
simulation management tools, will provide the necessary empirical data
to develop model specifications, design user handbooks, and to prepare
life cycle management guides for the effective utilization of simu-
lation in maintenance training.

Summarized in this report is the process currently in use by the
Air Force to achieve design and acquisition of maintenance training
simulators. Responsibilities for all portions of the process are
defined, specific procedures followed by the Instructional Systems
Development (ISD) team analysts in deriving training equipment design
requirements, and by the System Project Office (SPO) Training Equipment
Acquisition Manager in procurement are detailed, and existing problems
related to training equipment acquisition are discussed.
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SECTION I

INTRODUCTION

This technical report is the first in a series that will explore
the problems of maintenance training simulation design and acquisition,
It {s focused on the existing procedures followed by Air Force person-
nel in performing Instructional Systems Development (ISD) analyses to
define maintenance training equipment requirements, and by System
Program Office (SPO) Training Equipment Acquisition Managers in accom-
plishing training equipment procurement., Later reports in this series
will structure appropriate functional specifications for the acquisi-
tion of maintenance training simulators, will present handbooks to
guide ISD analysts in selecting appropriate types of maintenance
training equipment and in designing and documenting required mainte-
nance training simulator characteristics and features, and to guide SPO
Acquisition Managers in preparing Prime Item Specifications,

In this report both the ISD and SPO procedures are described as
they are currently accomplished. Relevant documentation is cited and a
comprehensive bibliography is appended. For each of the two sets of
procedures a general decision model is presented as a reference, and
general problem areas which appear to be degrading the ultimate
cost-effectiveness of maintenance simulators are discussed.

The General Problem

Required maintenance capabilities for Air Force Weapon systems
appear to be increasing as the sophistication of weapon systems
increases. At the same time, training budgets are shrinking. These
factors, and the relatively short post-training careers of a high
percentage of Air Force maintenance personnel, make an increase in the
cost-effectiveness of maintenance training essential. The use of
simulators, as a major approach to maintenance training, is assuming
growing importance as one thrust toward improvement. Simulation, long
an established training technique for system operators, has a number of
potential benefits when applied to the teaching of system maintenance.
These benefits include reduced cost, increased training equipment
reliability, instructionally effective device characteristics, student
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and instructor safety when practicing operationally hazardous activ-
ities, and the capability for tailored hands-on practice opportunities
through malfunction insertion and the creation of operationally critical
and seldom encountered conditions., However, the realization of these
advantages has, to date, not been spectacular. There are no formalized
procedures for maintenance simulator design. This has resulted in high
variability in the cost-effectiveness of current maintenance simu'!~fors.

Definitions

Classes of Training Devices: This report adopted the training device
classification developed by Kinkade and Wheatoal in
which all "arrangements of equipment components, apparatus
or materials which provide conditions that help trainees
learn a task™ are DEVICES. Devices are then sub-divided,
as indicated in Figure 1, into TRAINING AIDS, which are used
bv instructors to present subject matter, and TRAINING
EQUIPMENT, on which trainees practice job/task-related
activities.

Simulator: A trainer which provides hands-on practice for aspects of
the operational job which have been selected on the basis
of their criticality and learning difticulty, with
events/indications reproduced to the necessary degree of
fidelity generally under computer control.

Simulation: The reproduction, in a training setting, of appropriate
subsets (part task/whole task/integrated task) of
performance opportunities which require the same
combination of mental and phvsical skills, and the
application of the same group of knowledges, as those
required an the job.

Note that most, if not all, items of training equipment
simulate; but that onlv a unique subset of them are
defined as simulators.

lginkade, R. G., & Wheaton, G. R.,, Training device design. In
H. P. van Cott & R. G. Kinkade (eds.), Human engineering guide to
equipment design. Washington, D.C.: American Institutes tfor Research,
1972,
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SECTION IIL

MAINTENANCE TRAINING EQUIPMENT PROCUREMENT PROCESS SUMMARY

This section is on overview of the process currently followed in
acquiring maintenance training equipment. It provides a framework from
which to discuss the specifics of the two major components of the
acquisition process: the Instructional Systems Development (1SD) team
activities, which are detailed in Section IIIl; those of the System
Program Office (SP0O) Training Equipment Acquisition Manager which are
described in Section IV.

AFHRL~TR-78-28, Description of the Air Force Maintenance Training
Device Acquisition and Utilization Process, provides a relatively
detailed and complete description of the total life cycle for mainten-
ance training equipment. The life cycle can be divided into five
phases:

Phase 1

Identification of Requirements.
Phase Il -~ Development of Specifications.
Phase II{l ~ Procurement.

Phase 1V

Utilization and Support.
Phase V - Retirement,

The focus of the current study is on the first three of these
phases. Phase 1 outlines the responsibilities of the ISD team. Phases
Il and 11l describe the responsibilities of the SPO Training Equipment
Acquisition Manager.

Unfortunately, there Is not a single and uniform procedure for
designing and acquiring training equipment f{r. the Afr Force. By and
large, each procurement, through various mixes of organizations, follows
different procedures and results in different intermediate products
(requirements, specifications, etc.). The following description only
illustrates the major processes.

4
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Phase 1. ldentitication of Requirements

P

i 1
: i1
§ .
H In Phase [, requirements tor maintenance training equipment are
! Jdeveloped by ditterent organtzations, depending primarily upon: :
I
i
lo The acquisition mode or status of the svstem(s) !
to be supported -
e A new svstem (currently being procured
through an Air Force Svstems Commmand-sSPo),
b A svystem out -~ acquisition (a current svstem
tor which Air Force Logistics Command has the '
program mandgement responsibilicy), 5
¢o  Several svstems (requiring common or peneralizable
training sapport), %
2o The locus or use for the training cquipment =
A Mobile Training Sets (MIS) tor Field ;

Training Detachments (FTD).

b,  Resident Training Equipment (RTE) tor i
Techmical Training Centers (TTC), : H

co Training cquipment tor Strategic Alr Command (SAC)
trafning tacilities. (SAC 1s noted as a separate
locus ot use because it maintains distincetive
procedures including its own interpretation
ot 1Sh), 9

Table | summiarizes the organizations having primary responsibitity :
for establishing maintenance training equipment requirements for each J
acquisition mode and locus of use,

R e T




Table 1

Organtzational Responsibility for
Training Equipment Requirements

T LOCUS OF .
~ us MTS FOR MAJOR RTE & OTHER SAC TRAINING
AC()UISITION\‘\ WEAPON SYSTEMS MTS EQUIPMENT
MODE '
New Systenn 23061h TRES? Prome H1C 901 SNES MBI
o . -9 —
[ . .
Syatems Out ot 3306th TRES? Prime T10C JA0 I SMES MRT
Avipimnhion
Several Systems Prome 1T7C A0t SMES AIRT
Peoend NS Mobde Trammg Set
I&ES Test o bvaduation Saguadion
it Resudeny Toming b aupment
Tie Techmeal Tramimg Cente
SAC Strategic A Connnand
SAES/MRT Strateare Eyvaluation Squadson
AFR SO=-11, Training, Management and Utilization of Training "
Devices and AFR S50-8B, Instructional Svstems Development, specity that H
all training equipment requirements must bhe developed according to 18D ;
procedures, and imply that such requirements cvolve directly from the ’_‘;
ISD processe Fach of the three major requirement setting organizations !

listed in Table 1 does produce regquivements tor maintenance trainers,
and vet each accomplishes them {n a unique wave  The ISD process does
not provide a standardized procedure,

For new svstems, requirement setting {s {nitiated very carlv in
the Svstem Acquisition Lite Cvele (SALC),  General requirements for
training cquipment, based on the maintenance and training concepts
established tor the weapon svstem and on past experience, are
fnitiated for the Statement ot Operational Need (SON) long betore the
SPO and the ISD teams are formed. While these estimates are cssential
tor long-range planning purposes, thev are not based on definitive
training analvses.  This report recognizes that such trafning
equipment requirement estimates are necessary from the initial concept
stage of weapon svstem development forward through alt of the devetlop-
mental phases. However, until the [SD process s {nftiated the actual
trafning requirements which should be supported by training equipment
mast remain speculative,  While many benefits could be gatned by
{mprovements {n methods tor deriving ecarly estimates of training and
tratning equipment requirements, this study examines the acquisttion

d
:i IThe 3306th TEES supports test (AFR 80-14) programs and pertorms ‘§
- L
: ISD as directed by HO Alr Tratnf{ng Command, focluding major 3
: modificat{ons to weapon systems which are out of acquisition, ,Z
: 3




process from the point where the ISD team is established and training
requirements based on formal analyses emerge.

Each of the three primary organizations responsible for conducting
training and training equipment requirement analyses for new systems
makes use of somewhat different data bases, information sources,
technical resources, and analytical procedures. Each has different
procedures and requirements for training analysis documentation and
review. However, each organization identifles and lists maintenance
tasks, and derives from them malntenance training and maintenance
training equipment requirements.

The procedures followed to determine training needs for systems
out of acquisition and for several systems are likewise different
depending on which of the two organizations performs this function.
There is no requirement that either of these procedures (unlike those
governing new systems) follow formalized 1SD or other systematic
training equipment requirement analysis. Generally, new training
equipment requirements for these systems come from the primary
Technical Training Center and are identified by instructor personnel,
Typically they are based upon a need to replace or upgrade existing
training equipment which is damaged or obsolete, or they are based upon
instructors' intuition about the types of training equipment which
would enable them to be more effective. Many of these tvpes of
training equipment requirements are developed in coordination with a
system contractor and are fmplemented through a contractor-initiated
engineering change proposal (ECP). Such an ECP for a maintenance
trajiner is forwarded to various organizations tfor approval, including
the 3901st SMES/MBT's maintenance training section, (the primary
training evaluation organfzat{on for SAC, located at Vandenbery Air
Force Base, California) where the recommendations are veritied and the
fmplications for the new maintenance trainer, {n terms of {ts {mpact on
organization, manning, and logistics, are reviewed.

Phase [l. Development of Specifications

The output of Phase 1, in whatever form it is prepared, is a
statement of requirements for malntenance training equipment. Phase
[[ translates these requirements into specitications appropriate tor
contractor design and fabr{cation. Procedures which structure the
development of such specifications tor maintenance simulators are
current ly uncertain, and are in a state of change within the Air
Force. Only a few malntenance training simulators have been procured.
Organtizat fonal respousibilities for the procurement process are only
now emerging. The Simulator Svstem Program Office (SIMSPO), ASD/SDAG,

i
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Wright-Patterson Atr Force Base, Ohio, will assume responsibflitvy for
anv new maintenance simulators bevond those currently In procurement.,

At the 3306th Test and Evaluation Squadron, Edwards Air Force
Base, Californta, the ISD team provides the following training
equipment requirements at the end of Phase 1:

1. 3306 T&ES FORM 3 (TEST) Jan 793 A compflation of
behavioral requirements for cach appropriate trainer
and/or training aid.

2e A proposed Course Chart.
3. A proposed Training Standard,

4. A draft functional speci{fication modeled after the
Prime T[tem Development Specification,

Training equipment roquirements trom the primarvy Technical
Training Centers (TTCs) are provided on Form 601h, a requisition form
used to justifv the need for each {tem of required training equfpment
{n terms of the Specialty Training Standard elements each will
support, the associated number of students; and the number of hours of
use anticipated.

Requirements from the 3901st SMES/MBT for SAC svstems consfst of
ECPs prepared by the svstem contractor., These ECPs mav be backed bhv oa
training requirements analvs{s, although to date formal TSN procedures
have not been used, The HCPs specifv desired chauges tor the missile
svstem launch control complex which {mpact the simulator and’/or other
trafners.,

After requirement approval hv using command, ATC and the SPO, a
Prime Item Development Specification is generated. Source selections,

when necessarv, are made usuallv {n confunction with 1SD personnel
and/or the using command orfginators of the requirements. Often, the

primaryv weapon svstem contractor will also have the responsibility of

complex tratners, In these instances, development and fabrication mav

be subcrontracted,

Muring equipment design, a Preliminarv Design Review (PDR), a
tinal Critical Design Review (CDR), as well as formal and informal
interaction between the contractor, the SPO, and the ultimate users,
shape and approve the equipment configuratfon. Following CDR,
contractual arrangements are made for ecquipment fabrication and,
usnallv, evaluation,

e
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Phase IIl1. Procurement

Procurement procedures for maintenance training equipment are
complex, intricate, and unstandardized. Table 2 summarizes various
procurement responsibilities for different kinds of maintenance
training equipment. i
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SECTION IIIL
ISD PROCEDURES FOR TRAINING EQUIPMENT DESIGN
In this Section ISD as it relates to maintenance training
equipment design requirements is discussed under three major headings:
l. The process and procedures curreatly used by the ISD Team .
at the 3306th T&ES, f
2. A general ISD decision model leading to the ident{fication
and design of maintenance simulators. ,
3. Problem areas which appear to degrade the effectiveness of
currently produced training equipment requirements.
‘.
The ISD Training Equipment Design Process f
{
AFR 50-2, Instructional Systems Development, prescribes that the f.

ISD process is to be applied to all training planning, including that

done for new weapons systems., Techniques for general application are

described in AFP 50-58, Handbook for Designers of Instructional

Systems, Volumes I-V, and are taught by ATC principally in the

Instructional System Designers course given by the 3700th Technical

Training Wing, Sheppard AFB, Texas. In addition, there have been

developed Interservice Procedures for ISD as well as numerous other

versions of ISD tailored by specific civilian and military ‘
organizations to their individual needs and preferences, :

In general, all of these ISD adaptions have in common a flow of
analytical and developmental procedures which start with an analysis of
the activities for which training {s required and proceed to:

l. Determine training requirements,
2. Establish training objectives and their sequence.

3. Develop performance measurement techniques. 1 g

4, Select appropriate methods and media,
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5. Develop instructional materials.
6. Conduct and evaluate the instructional program.

While the specific nature of the tasks themselves determines the
particular characteristics of the developed curriculum and of the
training equipment needed to provide necessary hands-on practice of the
relevant tasks, the ISD approach used is basically the same for all
applications for both new or existing systems as well as for I-Level or
O-Level Tasks.

The 3306th T&ES is currently applying the Air Force organization
ISD procedures to the development of maintenance training and training
equipment for new systems. This organization has a core of highly
experienced ISD team personnel and has evolved an adaptation of the
general ISD model that has been singularly successsful in meeting Air
Training Command/Air Force Systems Command (ATC/AFSC) requirements for
new system maintenance training., Their ISD expertise is unique in the
Air Force and their process is well documented.3 For these reasons
this Section reviews the procedures of the 3306th T&ES as they relate
to the prescription of maintenance training and the design of
maintenance training equipment.

Figure 2 illustrates the general relationships between the
3306th's ISD process and the procedural steps or phases outlined in
both AFP 50-58 and the Interservice Procedures for Instructional
Systems Development. The arrows in this figure connect each step or
phase of the two cited ISD procedures to the most similar general step
or specific procedure of the l4-step 3306th's process. Arrows crossing
other arrows Indicate activities which are done in different sequences
in the two processes.

Interviews, in addition to those held with the 3306th T&ES on new
systems, were held with ISD training development groups at a number of
locations where production and upgrading of training for existing
systems are done.® At none of these other locations was any "by the
book™ ISD analysis used in formulating requirements and/or designs for
training equipment. Interviewees reported that formal ISD is generally
done only for new systems, Factors influencing the use of less
analytical methods for existing systems include:

3 3306th Test and Evaluation Squadron, Mission Handbook, ATC, {
June 1979, *

4 see listing in PREFACE, page 1. §
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1. Instructors' lack of ISD experience and training, and biases
against tformal analyses.

2. Insutfticient time available for conducting formal analvses.
3., Lack of a comprehensive task data base.

4. Lack of formal 15D procedural guidance ftor
developing training equipment.

Manning and Training of 1SD Teams

The 3306th has a small cadre of experienced 1SD analysts. Their
assignments typically are new systems which are being developed in the
“"fly before buy” mode. Their involvement with these systems usuallv
begins on or about the time a prototype {s assigned to Edwards AFB for
test and evaluation. At times, the 330bth becomes the location of 15D
teams for systems not vet fully developed to the prototvpe stage and/or
not assigned to Edwards AFB for testing. In all {nstances, personnel
are assigned to the [SD team primarily on the basis of their selection
as future instructors tor the initial operational units; a small
percentage is retained as squadron cadre. The operating philosophy is
that {t is more effective to select and train individuals to be ISD
analysts who are already experienced instructors and Subject Matter
Specialists (SMS) than it is to select experienced analvsts and attempt
to make of them systems specialists and competent funstructors. The
advantages of this approach include:

l. Experienced instructors generally make good analvsts, since
they bring to the ISD process first-hand experience with
training and the knowledge of the tvpes of training
techniques which have worked for them most etfectively in
the past.

2. As SMSs, they can quickly learn the specitics of a new
system and can better assure that all svstem—unique tratning
requirements are included in the developmental process. i

3. GExperienced {unstructors are able to quickly learn
appropriate 18D procedures. Without previous ISD training
and experience, analysts do not come with entrenched ISD
notions which differ from those found ettfective by the
3306th.

4. The 3306th T&ES has been able to tailor 18D training for
fncoming fnstructors to specific procedures that have been &
found to work best. By imposing strict documentation
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requirements within the 180 procedure, the squadron

achieves standardization in the developmental poocess

and maximizes the traceability of tratning develop~

ment decisions, ' N
S. Instructors are able to take detailed knowledge of

the svatem and of thelr own training materials with

them when thev go to the operational site., Consequently, :

thev have the best possible preparation for fitring .

the course matevials to the specific tratning sttuations !

they encounter and tor making trafning course updates as i

the svstem evolves,

There are several disadvantages to these procedures:

1. A large portion of the tratned and experienced SMSs
leave the squadron when thev assume theiv duties ax the b
fnitial instructor personnel for a new operattonal svstem.
This requires the squadron to replace and retrain vew
people tor edach new svstenm, !

2o While the squadron provides a taflored training repimen
tor incoming SMSs, actual practice in bullding the skills
necessary tor ettective 18D occurs only on "thefr svstem,”
Thev are, thus, deprived of mach svstemat{ic feedback which
would enable the traluing ecquipment development decis{ons
to be more ettfective during subscequent applicatfons ot the
18D process, 1t should be noted, however, that some
senfor squadron persomel have had extensive I8SD experience
with a number of previously analvied svstems,

1o SMSs new to the squadron tend to contfipure thefr {ndividual
traf{ning courses and the trataing ecquipment desipgus which
thev produce {n wavs that have been successful for them in
the past.  Thus, state-of-the-art traintne and training

; cquipment technigues are often not emploved because

.
: 5 many {fastructors lack experfence with or even knowledge ot
3 i s them,

4

",

ISD Procedures

3 A}
The YWoth Mission Handbook previously reterenced describes in
detail all 14 of the procedural steps of their 18D process,  These

Y procedures define {n greater detall the five phases ot the aeneral
model shown in Fiouve Jo 1o the tollowing portion of this report the
application of these procedures s described fn terms ot the five

phases of the general moded,
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In practice, the peneral model phases are sceldom implemented in
strict sequential orvdere  Otten analvtic activities overltap., This is
particularly true in the analvsis of svstem requirements where addi-
tions and moditications to the general data base are often determined
after the total ISD process is well along,

Step 1. Analyvze Svstem Requirements,  The basic task data base
tor many new svstems is generally provided by the svstems contractor,
Svstems designed prior to about mid 1977 were documented by oo Task aad
Skill Analvsis Report, illustrated by Figure 3. Tyvpically, these data
are in the form of a computer printout which essentially provides task
and step names, and some verv general information concerning task
conditions, criteria tor pertormance, and criticalitv, later svstoems
are documented by the contractor tollowing Logistics Support Analvsis
(LSA) data formats. However, the computer printouts of LSA data are
very difficult to read and to work with, and thev curveatly cannot he
selectively formatted by subsvstem. As a result SMSs prefer to work
from the hand written copies of the data {oput sheets.  Three data

tormats are most often used:

1. Data Sheet €3 Task Analvsis Summary,
2. Data Sheet D Maintenance and Operator Task Analvsis,

3. Data Sheet E:  Support and Test Fguipment or Training
Material Description and Justiticaton,

Figures 4 and 5 {llustrate the first and subsequent payes trom Data
Sheet D.

Seldom are any of these data bases complete.  The SMY (analvst)
must work with engincering drawings, contractor design personnel, Test
Force personnel, and all existing technical Jdata, as appropriate, to
identify the specific tasks which make up the on-the=-job pertormance
requirements from which training will be derived. Often subsvstoms ave
in a state of evolution, making the identification and/or detailed
description of both 0O- and [-Level tasks impractical. Additional tasks
that are identified, and additional information describing task
performance are recorded on the 3300 TE&ES FORM 1 (TEST) as {llustated
in Figure 6.

Step II. Define Training Requirements. The using command tor the
new system should provide to the ISD team {nformation about the Air
Force Speciality Codes (AFSCs) of those who will become the new svstem
trainees. Their previous weapon svstems expericace is also a necded
faput. This information is often not available when necded in the 18D
process. As a result, the analvsis must proceed inftially on assump-
tions made by the SMS until thev are verified or moditted by both

c P
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ATC and the using command. Once the specific experience of proposed
tralnees is known (or assumed), training standards and SMS experience
(or interviews with individuals experienced in the appropriate areas)
provide the SMS with overall impressions of a profile of entry
cap.bilities to which training must be geared., With this profile in
mind, the SMS examines each step of each task and {dentifies those in
which:

l. There {s a konowledge or a skill new to the trainee.

2. Practice will be necessarv to meet on-the-job per-
formance requirements,

For each task or step meeting either or both of these criteria, there
is assumed to be at least one training requirement. The 3300 T&ES FORM
2 (TEST) is used to document each task and all training requirements in
terms of behaviors, teaching steps (proups of knowledges required for
the learning of the primaryv steps), the conditions and criteria which
delimit appropriate behavior, and an initial estimate of training time.
Figure 7 illustrates the wav in which FORM 2 is prepared. FORM 2b,
Rationale Checklist, (Figure 8) is used as a guide to define training
requirements and to structure additional information about each
requirement,

Step 111, Develop Objectives and Determine Media. In the process
of filling out FORM 2, the SME must make judgments concerning
situations which require stimuli in addition to the Instructor and
Technical Orders, The situations are, in general, selected on the
basis of instructor preference and insight, with the aid of a media
analogram (shown in Figure 9 in the form of a decision table which
represents the same set of decisions as does the logic flowchart-tvpe
analogram) and with the aid of the Rationale Checklist (Figure R).
Specific media within anv of the defined classes are selected trom
instructor preference, from a more detailed listing of media in AFP
50=58, Volume 1V, and/or from information about available training
resources for the course under preparation,

Once all media have been identified in this way, the 3306 T&ES
FORM 3 (TEST) is used to compile all behavioral requirements to be
satisfied by each tvpe of media which cannot be locally manufactured.
The tvpes of media for which a FORM 3 is prepared include:
1. Transparencies.
2. Slides.

3. Charts, diagrams, illustrations/drawings,

3. Models/centawavs,
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RATIONALY (H KLISY

e e e This checklist will be annotated with a check mark
TASK NUMBER for each behavioral requirement on the 3306 TtS
Form 2 (TEST) that will be satisfied by academic
10-28-22-00-X instruction to provide rationale for the training
requirement.
REQUIREMENT NUMBERS
_— T{“ e ”“lr-ﬂ
TRAINING REQUIREMENT 2 2#;’ QLT T]N ]
1. New knowledge o e e 4
-
2. New skill v
- - ~+-t - -4 ;
3. Practice required v :
e e e i —— e - r——--o. -.<>_v-1»»-1h—~.4
4. Complex activity .
5. Condition/Criteria ]L i
6. Unique manipulative skills -T T ,
F— ——— e »-—T» -+ { |
7. New SE
S R . 4. e
8. New special tools
p———— . —- - —_
9. Is technical data available A O TP O I P (R I
—— B e T = . ‘.«»—,J
a. lnstr clear & easily understood AR
e Y L S =ttt <]L_ J o
b. Oper steps in logical sequence |t jv |« s te Jo ] |y
S e I . e e '
c. Schematwcs adequate for I I T O I A I
detatled troubleshooting
d. Sys units location identified [. 1. | {.{. [ {: ]
b T T I I I I I Il T T [ ot SAboun Al gt i Gianp iy
TECHNICAL TRAINING MATERIALS (TT™M)
- —3 ¢ hosing meeies sfinipe WS W
10, 1Is hands -on practice required ' !
e ———— o —— e ——— Y SyR . - ~4 -4
Y1. Is air vehicle practical
b e e e ———— e — e = e 4- -~ A R Y W
12. Is SE required
L e e = e mn 4
13. ls actual equipment required
e 0 S VRS SN SRS SR S S S
ld H)ll audio only suffice -1 ﬁ )
, - - - — —-4 LR Sk S SEE
H 15. Hill static visual alone suffice (% S IR T
* b o e e e m me . g «...T-_dv._{...;#._‘_-r__ d— 4 -
; 16. ls static visual :
, and audio sufficient : J J
. —rmizis = + ety we :J:: :-J .Jf, (
3‘ - : Figure 8. 3306 T&ES FORM Jh (TEST) Jdan 9 §
, Rat fonale Cheeklist %
. 23 1
i:




5. Videotapes.
6. Trainers/simulators,
7. Actual equipment.

8. Audio.

HANDSON PRACTICE REQUIRED
O-LEVEL TASK

AIRCRAFT IS PRACTICAL

ACTUAL EQUIPMENT IS REQUIRED
AUDIO ONLY IS SUFFICIENT

STATIC VISUAL ALONE IS SUFFICIENT
3D REQUIRED

STATIC VISUAL & AUDIO IS SUFFICIENT

AIRCRAFT

TRAINER

ACTUAL EQUIPMENT

AUDIO RECORDING

MODEL/CUTAWAY + AUDIO RECORDING
SOUND-SLIDE

VIDEO TAPES, FILM, ANIMATED PANEL
GRAPHICS PRINT

MODEL/CUTAWAY

Figure 9, Media Decision Table

A medium item which can be manufactured locally and will not require a
monitored procurement, {s not documented on the FORM 3, Figure 10
illustrates a typical FORM 3.

Each FORM 3 (one for each medium) must also include a description
of the medium itself, its physical characteristics, its content, and
fts function. These descript:ions are usually strafghtforward for all
media, with the exception of major trainers. When the medium {s a
simulator or a major plece of complex training cquipment, the
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description on the FORM 3 is turther detined and amplitied by the
preparation of a preliminary Functional Specitication. In addition,
{dentified media are often recorded on the SME logp, (optional), with
notat{ons indicating those appropriate tor local manutacture,

Step 1V, Plan, Develop and Validate Instruction. Once training
requirments and recommended training equipment have been established,
the method of instruction is selected which is best suited to teaching
the specitic tasks. Tasks which penerate training requirements are
examined to identify categories of task-level training requirements,
foncluding:

1. Facts and definitions,

2e  Concepts,

1. Principles,

4, Procedures.,

9. Mental Skills.

o,  Psvchomotor Skills,
/e Attitudes.

Once task=level requirements are identitfied, a Teaching Methods
Selection ¢rid (Figure 11}, is used to select the most appropriate
method tor providing instruction on each task.  Course control
documents are prepared which include:

l. Course charts, which summarize the anticipated course in
terms of major items of training equipment rvequited and the
sogments of training content to be included (with
associated training time estimates and any other
information relevant to the course instructional design).

2e  Conrse Training Standards, which list tasks, knowledpes, .
and proficiency codes in the preferred teaching orvder. b

3. Plan of Instruction (POI), which provides a relatively
detatiled description of the complete course by units of
fnstruction, criterion objectives, required support ‘
materials and guidance, instructional unit duration, and % 4
appropriate Course Trafning Standard references. This POl
becomes the lesson plan structure for the training course
and {s typically personalized by ecach instructor usiag i
specific amotations to cue appropriate in-class {nstructor '§
and/or student activitv, 3
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Onee a FORM 3 is prepared for each medium, a package of training
equipment descriptive information is assembled for the Training
Requirements Recommendat fon Review Meeting (TRRRM).  The information
packape assembled includes:

1. 3300 TLES FORM 3 (TEST).
2. Proposced Course Chart.
1. Proposed Course Training Standards.

4. Additional information as appropriate to substantiate
recommended design (FORM s, etel).

When the package involves a major trainer, such as a maintenance
simulator, it will also include a preliminary Functional Specification,
as previously described.  The TRRRM reviews all training and traiaing
cquipnent recommendat fons from all of the SMSs on the ISD team and
consol tdates recommendat tons and equipment requirements to derive an
optimum wedia package. When the package is approved by ATC, it is
forwarded to the SPO for procurement,

Instructional materials are prepared tfollowing the prescriptions
ot the course countrol documents and utilizing criterion objectives
derived trom the analvses documented on 3306 T&ES FORM 2 (TEST)Y.
Performance and/or written tests are prepaved for criterion objectives,
as outlined in the POl.  lostructional materials, consisting of
Technical Orders, programmed text, studv guides, workbooks, handouts,
ctee, are developed and inteprated following the POl structure to torm
a cohesive and instructionally etfective presentation. Materials are
validated as thev are prepared and refined prior to tinal course
conduct.

Step V. Conduct and Evaluate Instruction. Although this stop is

listed as a part of the total ISP process, it tvpically is accomplished
fn a formal L(rafning environment at an operational site. Course
conduct {s provided by the SM8s who served as the 18D team and {s done
under the responsibility of the Field Training Group, Technfcal
Training Center, or other management agency. Course matertals arve
revised and updated as appropriate to improve theirv ettectiveness and
to reflect relevaut svstem changes,




A Training Equipment Design Process Model

The preceding material has described the current Air Force 18D
process for determining the need for and the characteristics of main-
tenance training equipment. In this section the underlving decision
logic which should structure the process of proceeding trom task
information to simulator design characteristics, and of {dentifviung the
general classes of information which are required to support each
decision set ils explored. This approach of putting into sequence major
sets of decisions provides a general training equipment design process
model. The model is a general one in that decision sets are described
at a level which generalizes across most of the training development
situations in which the ISD process could result in maintenance training
simulators.

The purpose of this design praess model {s to lav the groundwork
tor forthcoming hierarchical and associative relationships between
information about tasks and appropriate training equipment character-
istics and training applications by comparing it to currently used
procedures, The model is an extension of existing 18D procedures and
is intended to lead toward:

1. A determination of appropriate ISD procedure modifica- C g
\ tions which will cost-etfectively support simulator
development,

2. An fdentification of the procedural steps which can be .
effectively aided by having a retference manual (handbook)
for procedural jpuidance and data.

3. The specification of the characteristics and specitic

‘ content of appropriate ISD documentation of maintenance
i simulator training requirements,

A Decision Sequence

Given the procedural content and the intent of existing 18D
guidance material, the following general decision areas bepin at the '
point of determining what must be accomplished on the job and end by
prescribing the best method of documenting the design as tollows:

l. Determine the required job-relevant skills and
knowledges,

—

2. Specify those skills and knowledpes which must bhe
learned by trainces (as contrasted to those which the
tralnee has alreadv mastered trom previous training
and/or experience).
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1.0 Wdentity those sKills aad knowledges which can be
most ettectivelv ledarned, at least in part, through
practice on an {tem of training equipment,

3. uroup skills and knowledges by class or tyvpe of
training equipment,

S. Specity tor cach training cquipment tvpe how well
the associated =kills and knowledges must be
learned.

te De ermine the ovrder in which specitic classes of
tratning cquipment should be emploved to facilitate
learning.,

7o Establish design concepts which constitute prelim-~
inary descriptions of training equipment character-
istics that scem to most ettectively support specitic
learning requirements,

s

Develop a preliminary Plan of Tastruction (PO which
integrates trainiag equipment and all other appropriate
nedia into an ettective training scenario,

9. Revise and tinalize the equipment design and detail
all relevant tunctional charvacteristics to be utilized
in the training scenarvio,

10, Document all equipment-related training requirenents
and associated training equipment functional character-
istics as the principal input to the SPO acquistion

process,

Figure 12 depicts this decision process and summarices the
principal {nformational inputs necessary to it,

Critical Features

The model represented in Figure 12 highlights a number ot critical
activities (decision sets) which intfluence the cffectiveness of train-
ing equipment as {t is ultimately emploved in a tratning regimen,

The model also suggests that criticality of these activities increases
with training equipment complexity, since the potential is increased
for inappropriate design to signiticantly affect training quality, and
to have greater cost implications. Critical requirements for this
dectsion model have been classified into four categories:
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System
Subsystem ———————p
Intormation

Sk lls & Knowledyes

Avaitabie Daty

T Determme Job Relevant |

2. Specity Skitls & Knowlh (ges
which nust be Learned

1. Compare with input capabiiities and entity

Fen tequired

———et
3. ldenti

Best Lq

¢. Prerequisite objectives & sub-objectives

- refate to common or contingent objectives

- by increasing complexity

t. Instructiona! capatilities

Figure 12.

Data Base new skills/knowledges. 1 Discom
Tasks Steps Level (Q or f)
Frequency Interval 2. Specify skills/sets of knowiedaes requinng
Etapscd Tome  Condinions practice 10 meet standards.
Nor Pirsonnet  Critena 2. Procedur
AFSC C.iticahity 3. Classity  Name!/Locate/Associate a. time
TO No. Discriminate/Detect/ldent®y ty. diffy
Monior c. task
Engineering Drawings Follow Procedure 4. high
Expert Opimon Communicate e. many
Use Rutes/Principles f. aotial
Der ve Skills 'Knowledges/Task-Step Solve Problems/Make Decisions nece
2 Specity retevant performance standards Pertorm Continuous Perceptual-
4. Use standardized vertys Motor Activity
y [ l ITERATIVE —
6. Sequence All . 7. Establish Training
Training Requirements Equipment Design Concepts
1. Classify objectives as 1. Group S&K clusters (Step 4) by ordered 1.
a. Common objectives
b. Task Umaue 2.
2. Select Equipment Type on basis ot
2. Classify Task Unigque objectives as: a. Practice imphications of S&K
a. Having a job-related order {contingent) b. Student flow
b. Prereguisite for learning others c. Availahle resources
d. Use simulation «f 3.
3. Prepare prerequisite sub-ohiectives personnel or equipment hazards
- actual equipment is unavailable, 4. Assuie @
4. Order ali objectives: nefficient, high cost each trait
a. Contingent object:ves in job order 3. Determine Equipment Characteristics 5. Review
b. Relevant common objectives a. Operational fidelity more of

Decision Sequence for T
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l. Task Analysis

Aae.

The complete decision process represented by the
model has as its foundation skills and knowledges
derived from on—-the-job performance requirements.
These skills and knowledges, ideally, should be
derived by those analysts most knowledgeable about
the job pertormance requirement implications of
various hardware designs; personnel subsystem
specialists from the equipment contractor's
workforce who prepare LSA data prior to the ISD
effort. Even with this type of data input,
opportunity must be provided in the ISD develop-
ment schedule for Air Force SMSs to perform
additional skill and knowledge derivation.
Analogous skills and knowledges must also be
available or derivable, for the anticipated
trainee population.

Definitive task descriptive data required to
support downstream decision-making. Categories
which need to be added to the standard LSA data
base (or to be more descriptively documented
within existing data categories) include:

(1) Performance standards.

(2) The identification of tasks requiring
major psychomotor skills.

(3) Tasks which must be done in conjunction
with other tasks.

(4) Detail in the procedures for the selection
of possible task alternatives (e.g.,
procedures to be followed in contingency
situations or troubleshooting strategies
appropriate to various symptom patterns).

Standardized task descriptive verbs are needed to

increase the communication reliability of task and
step descriptions, and to serve as the basis from
which associative selections are made relating,
for example, training equipment characteristics to
types of maintenance tasks.

Criteria are needed to provide guidance for the
realistic assessment of practice requirement

implications related to various types of tasks and
steps.




e. Criteria and guidance are necessary to promote
accuracy and consistency in the classifications of }
skills and knowledges which form the basis for '
subsequent decisions relating to the selection and f

] design of training equipment.

2. Training Development

3 a. ISD-compatible procedures are needed to encourage
and structure the simultaneous design of training
and trainers. '

b. Useful and unambiguous criteria are needed to
structure the selection of skills and knowledges
which are appropriate for learning on training '
equipment, especially criteria which pinpoint
those for which simulation is not only appropriate
but essential.

c. A procedure is needed which guides the identifi-
cation of the scope of training requirements which
should be incorporated within any particular item of
training equipment based upon an identification of
the optimum order for meeting training objectives. i

3. Training Equipment Characteristics

a. Bases and principles are needed to guide the '
making of training equipment tradeoffs (that is,
the process of recognizing that various subsets of
training objectives can be etfectively realized by
following more than one medium approach). Major
classes of alternatives include:

(1) Selecting equipment which permit practice of i
fewer tasks or on part-tasks rather than
incorporating whole tasks or integrated task

'; practice.
% (2) Changes in level of ftidelity. {
: (3) Selection of a smaller subset of practice
{ situations which are representative

(generalizable) of those needed across any
set of equipment-related training
\ requirements.




Guidance is needed which describes types and
techniques of simulation as they relate to the

need for various types of practice situations.

Procedures and guldance are neceded to effectively
relate specific simulator training objectives and
their associated skill and knowledge requirements
to designs of both the operational characteristics
to be simulated and the instructional features
appropriate to optimum learning.

Guidance is needed in determining the appro-
priate computer generated/controlled aspects of
maintenance simulation and the programming
requirements which will yleld appropriate degrees
of flexibility in simulator employment and in
determining in-house maintenance and updating of
training exercises.

4, Functional Documentation

Qe

1SD team documentation specifications for
describing tralning equipment (espectally
maintenance simulators) to initiate the SPO
procurement process are needed.

Major Problem Areas

The preceding material of this section has summarized the 15D
process currently in use in the Air Force. Overlayed on this process
was a general decision model structuring the design and documentation
of maintenance tralning equipment. Contrasting this general model with
information about current Air Force ISD practices has highlighted six

problems areas:

l. Lack of procedural documentation,

2, ISD not fully applied in this area.

3. A Priori stmulator selection.

4, Insufficient (8D team trafning,

L
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5. Required information not available.
6., Incomplete analyses.

These problem areas overlap and tnteract. For example, 1SD
analysts are not trained fn certain areas simply because no tormal
procedures currently exist on which to base trafning. Fach area is
discussed here, however, to assist io conceptualizing solutions which
have potential tor fmproving the etti{clicency and the cost-effectiveness
of the [SD process as it produces trafning equipment recommend:tions,
particularly for maintenance stmulation,

This classitication of problem dreas associated with the appli-
cation of ISD procedures appears, at first blush, to be a heavy
indictment. However, in reviewing the specitic problems with ecach of
these areas, {t is important to maintain a realistic perspective. The
ISD concept is relatively new, unfquely demanding, and not widely
applied. FEven so, {ts users, particularly the 31306th Taks, have .
amassed an {wpressive record of etffective training development and
implementation. This classiticatton of existing problems needs to be
taken for what (t is, an attempt to identify ways in which an already
successtul process can be further improved in the cost-eftectiveness ot
fts products, .

Lack of Procedural Documentation

An extensive review has been made of the information requirements
specitied for ISD analyses in AFP 50-58, Volume 11, Task Analysis,
dated 15 Julv 1978. The descriptions in that volume constitute the
primary procedural resource tor 18D in the Alr Force. The tvpes,
categories, and overall nature of the information requirements
specifled in AFP 50-58 for the 18D task analysis are both comprehensive
fn terms of the description it provides of tasks/activities and
sutficlent to provide the structure tor all appropriate training and
tratning equipment development decisions. Details of the information
requirements and the task analytic procedures will not be repeated in
this report. The headings from the task description worksheet used to
collate and summarize data for the task analysis are presented in
Figure 13 as a peneral summary, i

g ep

Three major shortcomings characterize 18D documentation currently
\‘ fn use, fncluding AFP S0-58 and all other 18D rofervences previously
cited:

1. They describe what s often an fdealistic data Q
availabllity situation., Much of the time the ‘
depth, accuracy, and reltability of task data

avallable to the ISD analyst does not permit
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clean abstraction into the specified categories
of the analysis procedure. Few suggestions are
provided to assist the ISD team member in these
situations,

2. The ISD guides and handbooks available are “"principle”
oriented and provide minimum guidance on the procedural
or mechanistic application of these principles in making
training and training device design decisions.

3. The nature of the decision-making required for 1SD
necessitates the learning, retention, and integration
of a large number of complex concepts/constructs and
associated knowledges. The procedures, in total,
constitute a set of skill requirements which necessitates
extensive practice for mastery. ISD, in its intended
sense, cannot be conducted by individuals, no matter
how well motivated and operationally knowledgeable,
who have not had an opportunity for extensive practice
and insightful feedback. The ISD process is neither
mystical nor extremely difficult. However, it requires
an ability to conceptually manipulate and dissect
behavioral information. This is foreign to many teaching/
training situations, It demands a degree of meticu-
lousness and exhaustiveness with the minutiae of tasks
and activities in order to make the same kinds of training
decisions that are typically made with far less rigor.

ISD Not Fully Applied

The formal [SD process is not generally used when developing
training equipment for systems out of acquisition or for common
training requirements across several systems., Interviews with ISD
groups working in these areas revealed several instances where the ATC
mandate for the application of ISD to all training development was
causing training development groups to prepare formalized training
objectives for the training courses already being taught. While this
exercise was useful i{n helping instructors to tighten their instruc-
tional regimens, it could have little effect on making the revised
training more job-relevant, Since l{ittle task data in a formal sense
exists for most of the systems out of acquisition, the preparatfon of
training objectives can be based only on the training course as it
exists, rather than on any formal set of job performance requirements.
Similarly, the assocliated training equipment for existing courses was
configured on the basi{s of instructor preference and tradition, rather
than on the basis of any formal analytical derivation of simulation and
instructional capabilities.
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Job performance requirements and task analytical derivation of
training requirements is the major key to the effectiveness of the ISD
process. With older systems which have no extensive and systematic
task data compilatiouns, it remains impractical, in most instances, to
devote the time and manpower required to amass such task data.

A Priori Simulator Selection

There is a growing emphasis within the maintenance training
development community of the Air Force to consider the use of
simulators as the primary training medium. While this emphasis torms a
very strong vote of confidence for the maintenance simulation movement,
it appears to reduce the already small inclination on the part of some
ISD team members to examine alternative means for achieving maintenance
requirements and for making cost-effective training and training
equipment design decisions,

Untortunately the ISD process as it currently exists provides
little systematic guidance tor the selection of specitfic types of
training equipment, This gap in the I8SD procedure increases the
probability that training equipment selection will be based on
pretference rather than on formalized analyses aimed at maximizing
cost-etffectiveness, Under these conditions the uniqueness of a
"stmulator” may be castly justitfied for meeting training requirements
which could as effectively be met by less costly approaches. To the
credit of the 3306th T&ES, there have been a number of instances on
recent new svstem ISD programs where simulators were not recommended.
However, the emphasis remafnos.

Insutticient 18D Team Training

Selection of Trafning Equipmeut. AFP 50-58 provides little
guidance in the selection of specitic types of training cquipment to
support the achievement of specific training objectives. Numerous
"constderations” are suggested, but little formal structuvre is
available to make tradeotts among all of the counsiderations, leaving
the selection of trainers (from cardboard mockups to tull-bhlown
simulators) to the SME's preference--all of this within the broad
limits imposed by the procedures for using the Media Decision Flow
Chart or Declsion Table.

A great deal of research over the years has shown that tfor aunv set
ot tasks to be trained, there are a nuamber of alternative combinat {ons
of tratning media which can be emploved to successtully achieve
required learning.  However, ISD team members are not trained to make
media tradeofts to achieve specitic combinations ot learning capa-
bilities, and to maximize the etficiency of a traininy repimen,
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Training equipment permits student practice of selected aspects of
operational jobs, but seldom is the provision for practice sufficient
by itself. It becomes effective only when integrated into a carefully
orchestrated sequence of learning opportunities. It is this
orchestration that is the key to effective training. Selection of
specific training equipment must evolve from the design of the training

regimen. Current training for ISD team members does not promote this
process,

Design of Training Equipment Characteristics. Once the decision
has been made to utilize a specific type of training equipment, a whole
new set of training/learning implications becomes critical. These
involve the design of the trainer itself, There are two general
classes of decisions:

1. What aspects of the operational situation should be
simulated, and in what ways?

2. What instructional features or capabilities, In addition
to its simulation capabilities, should be built into the
trainer?

Few SMSs prior to assignment to the 3306th T&ES have had the
opportunity, especially in the maintenance training area, to
participate in the design of a major trainer, and/or have the formal
training in selectively employing the numerous state-of-the-art
approaches to accomplish particular tratning strategles. For example,
in the first category (concerning what should be simulated, and how)
there are a large number of considerations dealing with level of
fidelity, such as:

l. Enviroanmental conditions.
2. Stimulfi,
3. Response situations.

4, Control-display relationships.

In the second category (concerning what instructional features)
there are decisions concerning when and how to employ:

l. Enhanced cueing/feedback.,
2. Time distortion (freeze, accelerate, repeat).

3. Performance monitoring.




|
‘ 4., Student station.
5. Instructor station,

Currently, the ISD team members are not trained to deal with these
issues in a formal way. Decisions initially reflect SMS experience and
preference; later, when the equipment i{s i{n the procurement process,
the coutractor's human factors personnel mav persuade the SMS to agpree
to some enhanced set of equipment characteristics. Despite the human
factors input, the recommended characteristics are seldom derived from
an integrated approach to meet the total set of training requirements.

Required Information Not Available

Traditionally, systematic training and training equipment
development efforts, both pre-18SD and 18D, suffer from ditterence in
time phasing between system development and trainfng svstem
development. This continues to be true even with the curreat 18D
efforts on new systems being conducted in a “tlv before buv”
environment, wheve the formal ISD effort is not inttiated until the
prototype hardware is undergoing test and cvaluation, Three major
classes of Information currently appear to impede [SD progress carly in
the analytical phase:

l. Maintenance and training concepts. Even though the
SON should tdentify both maintenance and trainiag
concepts which will be implemented on a new svstenm,
confirmation and commitment to those concepts arve at
times, difticult for the SMSs to obtain. As a
result the ISD team must intitially make
assumptions about the ultimate maintenance
organtzation and hierarchy of training expericaces
which will prepare people tor tield maintenance

. assignments,

2. Trainee (target) population, including tevels and
AFSCse There dre often ditticulties in obtaining
using command commitments tor target populations
relevant to various svatem maintenance requirements,
One consequence ot this {nability to identity the
specific target population carlv in the ISD process
is that assumptions are made about the specitic
AFSCs and levels to be assipned. More important v,
assumptions are made about the recent weapon svstem
cxperience which the tarpget population will have as
thev enter training. The training tequivements
themse lves are based upon the SM8's  joudament ot aew
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skill and knowledge requirements. Thus an erroneous
assumption about trainee previous experience can
produce a mismatch between the job performance
requirements for the new system and the total set of
skills and knowledges which the training program is
designed to generate.

3. Comprehensive task data. The task data base for new
systems is generally produced by the system
contractor. However, the system in its prototvpe
phase typically does not have a complete and
validated data base. Often subsystems are in a state
of evolution, making the identification and
description of both 0- and I-Level tasks difficult.

There are no ideal solutions to any of these three major infor-
mation area problems. Critical implications of them are: (1) the 15D
‘ team as a whole needs to very carefully coordinate their needs in order
! to encourage and promote timely decision-making at the SPQO, the using
command, and ATC, and (2) assumptions need to be made earlv in the ISD
process, documented, and approved/modified as information becomes
available. For existing svstems, ISD teams need to "bite the bullet”
and quickly generate relevant task data prior to making major training
and training equipment decisions.

Incomplete Analvses

The key to job-relevant and training-eftfective ISD is comprehen-
sive task analysis information. It consists of the specific skills and
knowledges which must be a part of the job incumbent's repertoire for
successful on-the-job performance. To obtain skills and knowledpes, the
task descriptions (the names of specific tasks and steps, a description

4 of the conditions affecting performance, and a specification of relevant
performance standards) are analyzed to identitfy the specific behaviors
needed (skills and the application of sets of knowledges). The
behaviors judged new to the trainee are recorded as training require-
ments and ave further analvzed to generate training course and training
equipment implications. AFP 50-58 describes this process in varving
detail. In actual use, howeve', these procedures sutfer at three major
points:

1. Task and Skill Analysis. Figures 3 and 6 in the
preceding subsection of this report {llustrate the
tvpical contractor computerized data base (LSA) and a
completed FORM 1 which record relevant tasks not
found in the LSA data base; (on some svstems there
are no contractor produced data and all task

i
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intormition is recorded on the FORM 1), The two 5

forms, together, constitute the typical working data t
L base tor the ISD team on a new system. The problem

is that this data base consists of task descriptions,

but not detailed task analvsis, Required skills and

specitic knowledges are not identitied. The

procedure, however, is to use the SMS8's knowledge of

similar syvstems and to do the analvsis "in head.”

For aay step or anv task in which a new skill or

knowledge is identitied, the SMS prepares an entry on

the FORM 2. The Rationale Checklist i, ased to

document each of these decisions, however, it does

not identity the specitic skills and/or knowledges )

involved.

The 3300th TYES procedures specity that behavioral
requirements in the form of skills and knowledges for
training requirements be identitied on the FORM 2,

b
% However, the FORM 2 often uses the same task
5 descriptive wording as the FORM I for each step where
3 training requirements are judged to exist, (the more o
expericenced the SMS the wmore likely that the ;
ciritical behaviors will be comprehensively
tdentitied). 1If the step is to remove Part A, then
the "behavioral requirement” on the FORM 2 will many "
t tmes be "remove Part ALY It the removal is !
associated with risk of cquipment damage, the
“condition” column ot the FORM 1 might caution "avoid 3
damage.™  On the FORM 2, the identical "avoid damage” 1
wording will also be recorded, without specifving the
particular activities which should be tollowed to
avoid damage.  For SMSs who are completely tfamiliar
with a particular step ot a specitic task (a
condition which might be unlikely in a new svstem), )
the "avoid damage” ciaution might be sutfficient to © 3
induce appropriate recall, so that the specitic '
. skills and knowledpes implied are given appropriate
consideration in the remaining portious ot the !
analvsise It is possible, however, that in complex
. subsvstems some important skills and knowledges mav
be overlooked.
Jo Training Equipment Selection.  There are several
problem arecas associated with the selection of
training cquipment to be utilized in anv of the
subsvstem maintenance training programs for new
" svatems.  First, media sclection is genervally dervived .
2
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from the Media Checklist and on personal preference,
and is prescribed to meet specific training
objectives, For training equipment this procedure
often results in all identified training requirements
judged appropriate for practice being assigned to a
major simulator, with various audiovisual media in
support., The procedure does not guide decisions
concerning the use of other types of practice
devices, including part-task trainers, procedures
trainers, etc. Similarly, the procedure does not
facilitate decisions about what set of total practice
requirements should be incorporated in the simulator;
two or more simulators having limited application
might prove to be more cost-effective in a given
training situation than one major all-encompassing
simulator.

Second, media selections are made and documented
prior to the generation of a POl which defines the
sequence and appropriate strategies for achieving
specific training requirements. Thus, often, the POI
i{s built around the selected media rather than the
media selected to most cost—effectively support an
optimum instructional regimen.

Maintenance Simulator Design. The operating

characteristics of a maintenance simulator are
curvently selected, primarily, on the basis of the
operating charateristics of the equipment itselt., To
paraphrase one SMS, "I'm not interested in exotic
features like providing knowledge of results. 1 only
need the simulator to behave like the airplane, and I
can teach with {t.” Conscjueatly, most simulator
design recommendations which come from an ISD team to
the SPO (through the TRRRM and ATC review process)
esgsentiallyv duplicate actual equipment operation.
This is not necessarilv bad, but it significantly
reduces the probabilitv that maximum training
usefulness can be d-rived from the device.

While it is easv to criticize the curre . simulator
design process, there are not as vet IaD procedures
which can svstematically produce training devices
with {mproved cost-eftfectiveness.
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SECTLION 1V

THE SPU TRAINING EQUIPMENT ACQUISITION PROCESS

The System Program Office (SPQ) involvement with the training
equipment acquisition process is described

in this Section under three
main topics:

Processes and procedures currently emploved.

A peneral model that sequences acquisition decision sets,

3. Major problem areas.

Processes and Procedures

The current processes for procuring maintenaunce training equipment
do not tit into a single pattern.

Each weapon svstem SPO is ditfer-
ently organized to suit

its functional needs., This results in training
equipment management assigned to the Special Projects Office of one

SPO, to Logistics in another SPO, Development and Gperations in a
third, etc.

Broad categories of activities of Training Equipment Acquisition
Managers, however, dare common to all SPOs. The activities for which
the manaper is responsible include:

1. Validation of training device requirements as

presented by ATC, resulting tfrom the 18D ]
process.,

2. Validation of the weapon svstem contractor's
engineering data.

3. Preparation of procurement documentation which
translate IsSD-derived trafining equipment design
requirements into equipment functional
specifications. The training device acquisition
goal {s to provide no more or no less than the
' R projected svstem requirements.
5 !
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Ao Management ot contrvacting procedurves trom
contractor source select{on throuph monftoring
the development process to assure that o
trafning-cttective product s delivered on time,

Valtdation ot Trafning Device Requirements

The SPO Acquisiton Manager's tamfliavicat fon with the analvt e
activittes leading to the ISD team speciticatfon ot tralnfng cquipment
desipn requivements provides a tirm basts tor review and valtdat fon ot
the requirements o Light ot total weapon system procarcement con-
strafonts, 1o addttion, vequivements are turther detined by:

e ATC dnputs to the fnftial Propram Management Plan
that summnatvice required persomel traioning, and

¢ assure that tratning constderat fons have been

fmverted vherever applicable,

S ATC dnputs to the tratning equipment contractor's
sCatement ot work,

Voo ATC pavticipation in the source selection process,
4, Fregquent briet{ng ot the 5P0 Acquistion Manaper by

the ISD team velated to the trafning equipment
derivation process,

When the tinalized trainling cquipment vegquivement s trom the 18D
team are tormal v presented, the SPO Acqulisttion Manager whe has kept
cutrrent with the ISP process s not contronted with suweprises,  He can
then real{stically assess Che appropriatencss ot o the need tor device
requirements in Hpht ot the personnel qualtitteat tong necessary to
malntaln the weapon svatem,

\'.nlAhInl fon nlrvl-int;lnpvrln‘»_: l“.ll.‘ir and l‘rvp.-a»r.n fon ot Procurement
Spec lAlbh‘.'H fon

aglneering teasibitity ot tratniog cequipment must be given atten
Cion I consonanee with estimated ettectiveness, cout, aoad operat tonal
time constraints,

Ather tashe which contribate to hoth the valtdation ot device
tratuing descriptions and the transtation of them into procurement
spectt feat fons favolve extablishiog:

l.  The degree of vegquired tuancttonal tidelity,

n parips T




S The extoeont to which the device witl tacilitate
Tearnfur ot regquited motor and or copnit ive
shills,

R Faunlt fusevtfon capabfltity,

A Faxe tor tature updatiog or modit {eat fon,

vo o Regqufrements tor device reliability and maintain-
ability,

O Natety reguivement s,

] S Requirements tov appropriate stractural tageedaess,

G

counstdering the probable nature and tregquency of
student use and misase,

Avatlable Resourves

e Praintag Vaguipment Acout=ition Manager fn the SPO mnst arvange
tor cand coordinate activitfes of advisory cources which can aid him in ]
mak ing tratning cquipment Jdecisionag,  The major advisory presontees ‘
avatlable fne Tade: ;

Lo The Faginecving Directorates Pxperienced engd '
weering experts and traintag eguipment specialists
work cfther tull time tor the SO Acgquisitfon
Managets or ate comnftted (o the program tor a
specitfed percentage ot thetv time, depending on the
spevitied needs ot the S0 an fust it fed to the
Fangineceting DMrectorate, The tratnfng cqutpment
specialict s participate trom can vy dn the detingt fon
phacae throneh the validat fon of device tunctional
tespui tement Thia patttefpation entails preparfog
procatement specttfeat fons, vontractor soavee
L selection, developmental monftoving, and product
testing. Pougineeting puvehologfst e of the Human
Factors Branch, Puginecting Ditectorate, are aluae !
Aansfened to SP0G fn the same mannetre Piegute 1o
deptets Fagineetfog contribut fon. to svaten
. Avquisait fou,

Yo ALY Forvee Taboratortes,  Thewe Pahotatorfes provide

Advisory resoutees, to the Timit of manpowet
Aavatlabfib ity on tequest trom the SO, Tratning
provehologists trom the Vit Forve Human Resoutees
Laboratorfes CAFHRIY a1t Towty AFR, colovado, and

. Weteht Patterson AFRD Ohito, make contribut fons to
AT phasies ot the madntenance training equi paent

; ‘ Aacaquisitton process, Fagineering petrsonnel
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speclalizing in simulation research with AFHRL are
also available. Engineering psychologists of the Human
Engineering Laboratory of Aerospace Medical Division are

likewise available to provide guidance and research support
directly to the SPO, Personnel located at the contractor's

fabrication facility are assigned to the Air Force Plant
Representative Office (AFPRO) or to the Defense Contract

Administrative Services (DCAS). They may be called upon by

the Acquisition Manger to monitor progress directly,

especially in suspected problem areas so as to assure
equipment quality and to meet required delivery time

schedules.

3. Air Force Documentation, The maintenance training
equipment acquisition team headed by the SPO
Acquisition Manager has documentary resources to
assist in the translation of training equipment
requirements into hardware specifications. Military
Standard 490, "Specification Practices” contains 15
appendixes outlining appropriate tvpes of speci-
fications. AFHRL-TR-78-28, see Bibliographyv, pages
30 and 31 (Hannaman, Freeble, & Miller, 1978), gives
the details of a two-part specification process
normally emploved in the acquisition of training
equipment. The first part is the "Prime Item
Development Specification” and the second part is
the "Prime Item Product Fabrication Specification.”

4. Contrarting Procedures. AFHRL-TR-78-28 accurately
states that the SPO responsibility for development
of the specifications is usuallv accomplished
through a contractor. The Prime Item Development
Specification is usually prepared by the prime
weapon svstem contractor from the documented
training equipment requirements in conjunction with
[SD personnel, and with direction, advice, and
approval of the SPO Training Equi:.=nt Acquisition
Manager. Thus, at least for acqui..ng training
equipment for new svstems, the requirement in AFR
50-11, Training, Management and Utilization of
Training Devices, that ISD personnel be included in
source selections {s superseded at an earlier point
in time by the weapon svstem source selection,

Acquisition Management

The weapon svstem contractor's responsibilities {n preparation of
the Prime [tem Davelopment Specification for maintenance tratning
equipment are usually established at svstem source selection. This
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decision has customarily been made because the countractor has ready
access to the necessary engineering data and expertisc.

In most SPO maintenaunce training equipment acquisiton proyprams, i
departure from the process prescribed by directives often occurs at the
point when the Prime Item Development Specitication for the weapon
svstem is approved. Most often, as previously described, the prime
weapon svstem contractor is awarded training equipment delivery
responsibility,

The problem causing the change in the acquisition process, as
stated by regulations, occurs because the prime contractor usually
subcontracts the training equipment development and production effort.
Armed Services procurement policy discourages technical inputs to the
subcontracted process by Air Force monitors, Direction of this tvpe
mav give the prime contractor reasons to demand additional funding or a
modification of critical delivery schedules. Additional conflicts
accur since regulations require the acquisition manager and team to
maintain visibility and control throughout the development aud
production programs.

Usually, the Intevcontinental Ballistic Missile (ICBM) SPO of
Space and Missile Systems Organization(SAMSO)contracts with the weapon
svstem contractor for training equipment and simulators. This
contractor does not subcontract. Therefore, the 1CBM SPO does not
encounter the problem of maintaining program control and visibilitv,

In other instances when the ICBM SPO contracts directly for
training equipment from other than the weapon svstem contractor, the
management problems noted above ave lessened by contractiung for an
engineering source data packape called Svstem Regquirements Analvsis,
(SRA) from the prime coutractor.

The SRA package supplied by the prime weapon svstem contractor is
defined {n SAMSQO-STD-77-6 as "A sequential and iterative enpineering
process designed to establish the functional requirements for each
element of a weapon svstem., The process provides a logical sequence
and a clear record of the development of svstem requirements to manage
the svstem engineering effort throughout all phases of svstem
acquisition.” This analvsis svstematically establishes requirements
for equipment, personnel, procedures, and facilities, VFigure 15
indicates SRA inputs to personnel and training development processes,

Engineering data and support from weapon svstem contractors for
aircraft and electronic svstem SPOs are often variable in quality.

Frequently they are not available in time to meet training definition
requirements. §
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The apparent critical differences between the SRA approach and
that followed for aircraft weapon svstem contractors are:

l. The SRA data package has its own detailed and
explicit specification, rather than being an
associated output from the weapon svstem prime
item specification.

2. Data production milestones and quality are closely
monitored during production.

3. Data outputs are phased with weapon system
development so that updated and expanded packages
are produced as the svstem(s) are designed. In
this wayv, preliminary data are released early,
with more detail evolving as development
progresses.,

Other maintenance training equipment management differences among
SPOs are caused by varving degrees of participation by engineering
specialists in the decision-making process that supports the SPO
Acquisition Manager. Engineer availabilityv, personnel expertise level,
and the SPO's willingness to consult the engineers are additional
factors which atfect decisions.

A Training Equipment Acquisition Process Model

The managerial decisions involved in the SPO training equipment
acquisition process are identified and sequenced in the model that
follows. 1In an attempt to accommodate the wide range of existing
contractual, organizational, and managerial differences noted above,
the model is necessarily very general. It is, however, applicable to
most acquisition procedures. The decisions required in this process
are indicated irrespective of the agency who mav make them, whether it
be the SPO Manager, a contractor, Air Force engineers, or an acqui-
sition team.

The training equipment acquisition process model begins with
training equipment design documents produced bv the ISD team. Appli-
cation of the recommended ISD procedures and the emplovment of the
training equipment design process model proposed earlier structure the
SPO inputs. Yven efficiently managed acquisition effort mav be wasted
if the procured equipment has been based on an incomplete design
process.
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The major parts of the SPO acquisition deciston process inelude
the development of an eftfective procurement specitication, the
management of the development and tabrication process, and the
evaluation ot the delivered trainer.

A Procedural/Decision Sequence

Figure 16 deptiets the procedural/decision process and summarizes
the supporting tnputs necessavy tor accomplishment.  The major steps of
the sequence (nvolve:

. Vvalidate the tralning cquipment tunction and design
characteristics documented as a result of the 18D
process.

2o Determine the teasibility ot the valldated equipment
requirements {(n terms ot avaitable monetary resource
estimates, delivery time requirements, and
enginecering state-otf-the-art.

1o Preseat justitication rationale to the SPO Program
Director tor approval of need and allocations,

d.  Prepare Statement ot Work (SOW) and Request tor
Proposal (RFP) documentat fon detailing the management
approach applicable to contractor activities,

Yo Select contractual source by comparativelv assessing
proposals on the bastis ot documented technical
approach, understandfng ol requirements, [nnovat {ons
toward satistying goals, timely product delivery,
experfence, tacilities, persomel resources, and

cost .

6. Reevaluaie and tinali{ze detddls ot the procurement
speciticat fon to assure concurrvence with every
specitic requirement, emphasizing to the contractor
that the rigorous test, aceeptance, and checkout
procedures conta'aed in the specitication will be
strictly entorced.

Jo Monftor, within contractually legal bounds, the
developmental and product fon process to assure
equipment and timeliness ot equipment delivery.
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8. Supervise and participate in the specitied tost,
acceptance, and checkout activities, Coordinate
using command and expert ongineering support to
assure that the matntenance trafning equipment meets
contracted requirements.

;

) :
: 1
; f
; Ma Jor Problems Areas !
5

As a result of the review of documentation, the observations ot 5

SPO procedures and a study ot the training cquipment acquisition b

decisions required, three problem aveas have been fdentiticed: -

i

]

l. Varfable Management Practices. 1

2. Lack of Procedural Guidance. ‘ !

3. Late Acquisition,

Variable Managemeunt Practices

The variability of contractual organfzational and managerial
characteristics of the acquisition process otten retlect a relativelw i
low priority that maintenance training equipment has {n compariso to M
other aveas of the syvstem development process.  Lack of consistent
organizat fon among SPOs has resulted in varving degrees of program
support to maintenance trainiag equipment manapement and,
to varfable training equipment quality,

JR———

subsegquent Iy,

The single poiut procurement management approach emploved by SaMso
has recently been toplemented tor actronaut {cal syvstems,  SIMSPO has
been designated to assume this responsibilityve  This orpganication has
exteusive expertence tn managing the acquisition ot tlight crew
simulators.  This expericence should ettectively peneralize to main-
tenance trafning simulators,

The major advantages of having all maintenance training
simulators acquired through SIMSPO include:

1. Standavdization of contracting procedures that
establish a set of working arrangements with
contracting oftfeers and between team members of
S IMSPO,

2. Wtilization of its own cadre of maintenance
simulator experts to deal with dectsions veguirviag
human tactors and enpineering expertise.

;
|
|
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3. Coordinated channels with Air Force laboratory and
engineering experts who, at times, may be needed to
establish specifications and/or evaluation designs.

Lack of Procedural Guidance

A primary directive in the acquisition of maintenance training
equipment is MIL-T-81821, Military Specificatfon: Trainers, Main-
tenance, Equipment and Services, General Specifications For. This
specification, in the opinion of the authors, appears to place require-
ments for realism and functional fidelity which can adversely aftfect
the ultimate cost-effectiveness of maintenance trainers, especially
simulators. The directive also necessitates extensive justification
effort 1f the requirements are deviated from to achieve enhanced
instructional value.

Under conditions where maintenance simulators are being procured
through the weapon system SPO, this directive is particularly cumber-
some, Many Training Equipment Acquisition Managers are new to their
jobs and are relatively unfamiliar with maintenance training and with
equipment procurement., For them, MIL-T-81821 can be especially
mislteading in guiding the preparation of procurement specifications.

With the shift of acquisition responsibility tor maintenance
simulators to SIMSPO the detrimental effects of MIL-T-81821 will be
reduced., Highly experienced specification writers will be able to
selectively apply the requirements to achieve the training effective-
ness identified and recommended by the ISD analysts. On-going studies
of matntenance training equipment design and acquisition should produce
the principals and procedures to permit future updating of MUL-T-81821.

Late Acquisition

The most important problem area in the acquisition process is that
the definition of training cquipment requirements and the subsequent
{ssuance of a procurement specification are not accomplished in time to
permit trafner delivery fn support of fnit{ial operational training.
There are several related factors {nvolved. Late receipt and lack of
completeness of engincering and task data provided to the ISD teams
prolongs the cquipment design period.

1. A staff studv conducted and reported by Aero-

naut{cal Systems Division recommends centralized
procurement of matntenance simulators for aireraft
svstems (n ASN's Simulator SPO (SIMSPO).
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A paragraph of the studyv states: ",,.the major
funding problem was the need for using training
equipment tunds to cover overruns fn the air
vehicle system.” (Maintenance Training Simulator
Procurement, page 8)., Earlier training cquipment
requirement definition could have provided
contractual utilization of budgeted funds betore
they were used for other purposes,

The late definition of requirements sometimes
results in a contract which combines research/-
development and fabrication phases. These
procurement practices occur in an etftort to meet
required equipment deliverv dates by attempting to
make up time lost in defining requirements. This
type of contract often results in funding
difficulty due to an escalation of device
complexity and price.

In addition, there are times when insutticient
manpower availab{lity among engincering advisors
whose time is shared among acquisition programs of
several systems delays completion ot the spec-
ification. Finally, high turnover rates among SPO
Acquisition Managers during the procurcment process
due to milttary transfers further slows the
procurement process and detracts trom the avail-
ability and cost-eftectiveness of the final
training syvstem.
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